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(57) Abstract 

A modular bidirectional optical amplification system includes a multiwavelength dual amplifier building block, a multiwavelength 
unidirectional booster amplifier BB, a unidirectional and a bidirectional Optical Service Channel (OSC) BB, an Intelligent Optical Terminal 
Accessway (IOTA) module, and an interleaved filter BB. The dual amplifier BB is available in a C-band version, an E-band version and 
a hybrid version, and provides unidirectional r bidirectional multichannel amplification. The booster amplifier is availabl in a C-band 
version, an E-band version and in a booster plus variant; one for the C-band and one f r E-band. The unidirectional and bidirectional 
OSC BBs provide a means for OAM & P functionality to the optical network. The IOTA BB provides multiplexing and demultiplexing, 
and the filter BB provides separation of the signal into grid-1 and grid-2 channels. 
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A HIGHLY SCALABLE MODULAR OPTICAL AMPLIFIER BASED 

SUBSYSTEM 

BACKGROUND OF THE INVENTION 

5 Field of the Invention 

This invention is directed to optical amplification in communication 
networks and more particularly to a highly scalable modular optical 
amplifier based subsystem. 

10 Background Art 

To achieve long haul optical transmission, regenerators (repeaters) 
and/or optical amplifiers are deployed along the optical transmission link 
in multiple locations, for boosting the signal on the fiber. For systems 
operating at data rates of GBps, regenerator sites could be spaced in the 

15 range between 35 to 80 Km, depending on the wavelength chosen for 
transmission. The distance between optical amplifiers may be almost 
doubled, being in the range between 80 to 160km. 

Optical amplifiers are based on a length of Erbium doped fiber 
(active fiber) pumped with light of a certain wavelength to amplify the 

20 optical signal passing through the amplifier. The active fiber is spliced in 
the optical fiber. An important element is the WDM coupler, which 
performs the function of coupling the pump source laser wavelength to the 
Erbium doped fiber. Optical amplifiers may also be bidirectional, in which 
case they use a pump for each direction of transmission, with the 

25 respective WDM couplers. Optical isolators are also used internal to an 
optical amplifier, for reducing reflections generated at the points of fiber 
discontinuities, such as couplers, splitters, etc. 

Optical amplifiers are favoured in long-distance systems over 
electrical repeaters not only because they allow for longer distances 

30 between the modules, and can be easily spliced into the fiber 

transmission link, but more importantly, because they do not require 
optical/electrical and electrical/optical conversion. An optical amplifier can 
amplify multiband / multichannel optical signals without demultiplexing 
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them, thereby avoiding the costs of multiple optical receivers, multiple 
regeneration circuits and multiple optical transmitters. Also, they amplify 
whatever bit rate comes down the fiber. Even if the transmission rate is 
boosted, the device will not need to be replaced. 
5 Current optical amplifiers are equipped with power monitors which 

control the pump based on measurements of the output, and sometimes 
input signals. The measurement is effected by providing an optical tap 
coupler on the respective output and input optical signal and diverting a 
fraction (generally 3-5%) of the respective input and output signals to the 
10 monitor. 

The 80km limitation can be extended with the introduction of 
external modulation and use of dispersion shifted optical. WDM and 
dense WDM (DWDM) technologies reduce the strands of optical fiber 
cable needed to establish a communication link, and provide manifold 

15 capacity expansion on existing fiber links. In addition, the advances in 
fiber technology now permit optical amplifiers to work not only in the 
conventional band (C-band) of 1 530-1 563nm, but also in an extended 
band (E-band) of 1 570-1 603nm. 

The number of amplifiers required for working and protection 

20 spans, the type of the optical amplifiers, and the number of wavelengths 
carried within the system are significant issues must be considered when 
designing multiband/multichannel transmission systems. As the optical 
amplifiers evolve in performance and functionality, so does their cost. 
Evolution of the network, e.g. in terms of bandwidth growth must also be 

25 taken into consideration. Currently, network providers use over- 
performing optical amplifiers than necessary at the first stage of network 
deployment for allowing for future growth. 

The optical amplifiers available on the market accommodate up to 
16 bands bidirectionally. These amplifiers are exclusively for bidirectional 

30 or unidirectional systems and are relatively inflexible to create various 

complex amplifier topologies. There are three types of optical amplifiers: 
post-amplifiers that connect to a transmitter to boost the output power; 
line amplifiers connected along a route between the transmitter and th 
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receiver; and pre-amplifiers that improve the sensitivity of optical 
receivers. These different types of amplifiers provide different output 
powers, use different input power levels, and generally have different 
noise figure requirements. Being stand-alone units, they allow the 
5 network with little opportunity for growth or scalability, in that they must be 
replaced whenever the demand for bandwidth increases. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide a highly scalable modular 

10 optical amplifier based subsystem, which solves totally or in part the 
drawbacks of the prior art optical amplifiers. 

It is another object of the invention to provide a highly versatile, 
scalable and modular family of optical amplifier building blocks that can be 
arranged in a variety of ways to produce both unidirectional and 

15 bidirectional topologies. 

The building blocks or modules of the optical amplifier architecture 
are intended to operate in a modular manner exploiting the entire 
conventional Erbium gain window (1530 nm -1563 nm) as well as the 
extended Erbium band (1570 nm - 1603 nm). Used together, this set, or 

20 family of products can produce optical amplifier topologies which can 
either be unidirectional or bidirectional, which also offer scalability with 
respect to the number of wavelengths deployed. 

The modules or building blocks are compatible with the current 
Northern Telecom Limited S/DMS TransportNode™ products, and could 

25 be mapped into the existing shelves. It is expected that the equipping 
restrictions, mostly surrounding the OSC circuit pack, need to be 
employed due to hardware or software limitations, or to simplify system 
operation and verification. These restrictions will be documented in the 
equipping rules for the appropriate S/DMS TransportNode OC-1 92 

30 releases. 

According to one aspect of the invention there is provided a dual 
optical amplifier building block comprising a first and a second optical 
amplifier (OA), for amplifying a first and a second optical signal, 
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respectively, a first input WDM coupler connected at the input of the first 
OA for separating a first optical service channel (OSC) from the first 
optical signal, a first output WDM coupler connected at the output of the 
first OA for adding the f jrst OSC to the first optical signal, a second input 
5 WDM coupler connected at the input of the second OA for separating a 
second OSC from the second optical signal, a second output WDM 
coupler connected at the output of the second OA for adding the second 
OSC to the second optical signal, a first line-in and a first line-out 
connector for coupling the first optical signal over a first transmission line, 

10 a second line-in and a second line-out connector for coupling the second 
optical signal over a second transmission line, a first drop-OSC and a first 
add-OSC connector for coupling the first OSC to the respective first input 
and output WDM coupler, and a second drop-OSC and a second add- 
OSC connector for coupling the second OSC to the respective second 

15 input and output WDM coupler, and unexpected additions of further first- 
group channels. 

According to a further aspect of the invention, there is provided a 
booster optical amplifier building block comprising, an optical amplifier 
(OA) for providing a substantial increase in optical output power of an 

20 optical signal, a WDM coupler connected at the output of the OA for 

adding an OSC to the optical signal, a line-in and a line-out connector for 
coupling the optical signal over a transmission line, and an add-OSC 
connector for coupling the OSC to the WDM coupler. 

The invention further includes an optical service channel (OSC) 

25 building block for transmitting and receiving service information over a first 
and a second service channel, comprising, a West OSC transceiver with a 
West receiver for the first OSC and a East transmitter for the second 
OSC, an East OSC with a West transmitter for the first OSC and a second 
East for the second OSC, a first West-in and a first East-out connector for 

30 coupling the first OSC to the West receiver and the West transmitter, 

respectively, and a second East-in and a second West-out connector for 
coupling the second OSC to the East receiver and the east transmitter, 
respectively, for obtaining a unidirectional OSC building block. 
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The invention also includes an optical filter family comprising, a 
grid-1 filter, a first line-in and a first line-out connector for coupling the 
grid-1 filter over a first transmission line, and a grid-2 filter, a second line- 
in and a first line-out connector for coupling the grid-2 filter over a second 

5 transmission line. 

In another aspect of the invention there is provided an intelligent 
optical terminal accessway (IOTA) family comprising an optical multiplexer 
building block (BB), a plurality of line-in optical connectors for connecting 
a plurality of input transmission lines to the inputs of the optical multiplexer 

10 BB, and a line-out optical connector for connecting the output of the 
optical multiplexer BB to an output transmission line. 

In a further aspect of the invention there is provided an optical 
amplification system comprising, a dual optical amplifier building block for 
bidirectional line amplification of a plurality of optical channels propagating 

15 along a first and a second transmission line, and an OSC building block 
operatively connected to the dual optical amplifier building block for 
transmitting and receiving service information over a first and a second 
service channel. 

There is further provided an optical amplification system 

20 comprising, a dual optical amplifier building block for bidirectional line 

amplification of a plurality of optical channels propagating along a first and 
a second transmission line, an OSC building block operatively connected 
to the dual optical amplifier building block for transmitting and receiving 
service information over a first and a second service channel, a first 

25 booster optical amplifier building block connected on the first transmission 
line at a first output of the dual optical amplifier building block, a second 
booster optical amplifier building block connected on the second 
transmission line at a second output of the dual optical amplifier building 
block, a grid-1 filter, connected between the first output and the first 

30 booster optical amplifier building block, and a grid-2 filter, connected 
between the second output and the second booster optical amplifier 
building block. 
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The invention also includes an optical amplification system 
comprising, an optical multiplexer for multiplexing a plurality of optical 
signals received over a plurality of input transmission lines and providing 
a forward multichannel optical signal, a dual optical amplifier building 
5 block for amplifying the forward multichannel optical signal and amplifying 
a reverse multichannel optical signal, an optical demultiplexer for receiving 
the reverse multichannel optical signal and separating same into a 
plurality of optical channels for transmission over a plurality of 
transmission lines, an OSC building block operatively connected to the 

10 duai optical amplifier building block for transmitting and receiving service 
information over an optical service channel. 

The main advantage of the scalable and modular architecture 
according to the invention is the ability to provide a choice of optical 
amplifier architectures that may be adapted to the current need of the 

15 optical network and that scales as the bandwidth demand grows. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, features and advantages of the 
invention will be apparent from the following more particular description of 
20 the preferred embodiments, as illustrated in the appended drawings, 
where: 

Figure 1a illustrates a unidirectional multiwavelength optical 
amplifier; 

Figure 1b illustrates the symbol for the optical amplifier of Figure 

25 1a; 

Figure 2a illustrates a dual amplifier building block (BB); 
Figure 2b illustrates the symbol for the dual optical amplifier BB of 
Figure 2a; 

Figure 3 illustrates a booster amplifier BB; 
30 Figure 4a illustrates a unidirectional optical service channel (OSC) 

module; 

Figur 4b illustrates the symbol for the unidirectional OSC of 
Figure 4a; 
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Figur 5a illustrates a bidirectional optical sen/ice channel (OSC) 

BB; 

Figure 5b illustrates the symbol for the bidirectional OSC BB of 
Figure 6a; 

5 Figure 6 illustrates the symbol for a dispersion compensation 

module (DMC); 

Figure 7a illustrates the filters BB with a grid 1 and grid 2 filters; 
Figure 7b illustrates the symbol for a filter of Figure 7a; 
Figure 8a shows the symbol for an intelligent optical terminal 
10 accessway (IOTA) multiplexer and demultiplexer BB; 

Figure 8b shows the symbol for the an intelligent optical terminal 
accessway; 

Figure 9a illustrates a line amplifier configuration (LA-1 ) using BBs 
of the modular optical amplifier subsystem; 
15 Figure 9b illustrates another LA configuration (LA-2), which is a 

direct upgrade of configuration LA-1 ; 

Figure 9c illustrates still another LA configuration (LA-3), which 
utilizes the mid-stage access capability; 

Figure 10a illustrates a C and E band dual amplifier BB in a 
20 unidirectional overlay; 

Figure 10b illustrates a C and E band dual amplifier BB in a 
bidirectional overlay; 

Figure 11a illustrates a bidirectional amplifier topology; 
Figure 11b illustrates another bidirectional amplifier topology; 
25 Figure 12a illustrates a configuration LTE-1 for optical amplification 

at a line terminating equipment (LTE) site; 

Figure 12b illustrates a configuration LTE-2, which is an upgrade 
of configuration LTE-1 ; 

Figure 12c illustrates a configuration LTE-3 with an intelligent 
30 optical terminal accessway (IOTA); 

Figure 13 an upgrade for an existing multiwavelength optical 
amplifier (MOR); and 
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Figure 14 illustrates a configuration ST-1 for optical amplification at 
a section terminating equipment (STE) site. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

5 Some terms are defined next for better understanding of the 

invention. 

An optical multiplexer (Mux) is a network element that multiplexes a 
plurality of optical client signals, each carried by a wavelength (channel), 
into a multichannel optical signal. An optical demultiplexer (Demux) 

10 effects the reverse operation, namely it separates the individual channels 
form the multichannel signal, according to their wavelength. A 
Mux/Demux generally comprises a combination of optical filters coupled to 
each other, each for selectively reflecting or transmitting a certain 
wavelength. The optical elements are generally packaged separately 

15 from the transmitter or receiver optics, or from any optics that may be 
present at the network node. 

An optical add/drop multiplexer (OADM) directs one or more 
individual channels of the optical multichannel signal to local users (drop 
channels), while the remaining channels are passed directly from the input 

20 to the output (passthrough or express channels). Add channels may also 
be inserted at an OADM site. An OADM may include a 1xN demultiplexer 
filter, followed by a Nx1 multiplexer filter. The first filter element 
demultiplexes the frequency components (the channels) of the input WDM 
signal into N waveguide ports. A channel of interest is dropped to a local 

25 receiver, by optically connecting the corresponding port to the receiver. 
The second filter element multiplexes the remaining N-1 channels with a 
new channel into the fiber output. The new channel may nominally have 
the same frequency as that of the dropped channel and is added to the 
filter output by the unused port of the multiplexer. The frequency reuse 

30 capability of this type of ADM filter is an essential feature for maximizing 
the performance of a WDM optical ring network. 

A WDM coupler is used for combining two multichannel signals, or 
two channels, or for adding a channel to a multichannel signal. A WDM 
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coupler is also used for separating a channel or a band from a 
multichannel signal. 

Typically, access to the SONET overhead is not available at an OA 
site, because the SONET payload is not terminated by optical amplifier 
5 equipment (no electrical conversion). An optical service channel (OSC) is 
employed to address this limitation by providing a subset of SONET 
overhead on an out of Erbium band wavelength. OSC could be 
unidirectional or bidirectional, according to the type of traffic. Some 
examples of the payload carried by this channel are a Data 

10 Communication Channel (DCC), Orderwire bytes (E1 and E2), a DS-1 
Wayside channel, and propriety bandwidth employed for power 
optimization schemes. This channel operates at 4.86 Mb/s Manchester 
encoded at 1510 nm and 1480 nm. 

Figure 1a shows a block diagram of a unidirectional optical 

15 amplifier 1. In general, an optical amplifier comprises an Erbium doped 
fiber amplifier (EDFA) 3 optically connected in fiber 2 using connectors 5, 
for amplifying light (a channel or more) received at the input. EDFA 3 is 
powered by a light source 4 (a laser). A power monitor 12, receives a 
fraction of the input and output signals and controls accordingly the laser. 

20 Taps 13 and 14 divert the fraction of the signal on fiber 2, optical-to- 
electrical converters 6 and 6' convert the respective fractions to electrical 
signals, which are thereafter amplified by transimpedance amplifiers 7 and 
T in the known way. Capacitors C1 separate the dc component and the 
A/D and D/A converters 8, 8 f and 9 provide the power monitor and 

25 respectively the light source with the corresponding type of signal. It is to 
be understood that this a general overview, the optical amplifier being in 
general provided with additional controls, some with analog maintenance 
tones, etc, which are not illustrated for simplification, and also as these 
functions are not relevant to the present invention. 

30 Figure 1b shows the symbol for a unidirectional optical amplifier 1 

which includes gain control or transient suppression. 

Unlike the existing family of optical amplifiers, the optical amplifier 
packages according to the invention operate in a modular manner, 
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exploiting the entire conventional Erbium gain window, known as band C, 
as well as the extended Erbium gain window, known as band E. This 
family of products produces unidirectional or bidirectional optical amplifier 
topologies, also offering scalability with respect to the number of 
5 wavelengths deployed. 

In this specification, the terms "module", " package" and "building 
block (BB) n are used to define a stand-alone optical package performing a 
certain function. 

The basic modules for the new OA topologies are shown in Figures 
10 2 to 8. Since it may not be readily apparent how these various modules 
inter-work, a set of applications are presented in Figures 9 to 14. 
The basic modules that form the MOSAIC family are: 

1. A multiwavelength unidirectional amplifier pair 

2. A multiwavelength unidirectional booster amplifier 

15 3. A multiwavelength unidirectional booster plus amplifier 

4. An extended band (e.g. 1570-1603 nm) version for each of the 
above amplifier circuit packs, which can be used for unidirectional or 
bidirectional overlays or within a true bidirectional system 

5. A unidirectional Optical Service Channel (OSC) circuit pack 

20 which provides a means for OAM&P functionality to the optical network. A 
bidirectional OSC is also available for bidirectional systems 

6. An Intelligent Optical Terminal Accessway (IOTA) set of circuit 

packs 

7. Interleaved filter circuit packs, one for the C-band and one for E- 

25 band. 

Figure 2a illustrates a dual amplifier circuit package 20 according to 
the invention, which includes two optical amplifiers 10 and 10\ It is 
anticipated that dual nature of this circuit package will be fully exploited in 
the early stages of network deployment (day one), because of the 
30 demand for bidirectional flow of the traffic in modem networks. 

The dual amplifier module is manufactured in a number of 
versions, each for use according to a specific application. A C-version is 
for the conventional Erbium optical bandwidth, a sister E-version spans 
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the extended Erbium band, and a hybrid H-version which comprises both 
a C and an E band amplifier for use in bidirectional systems. 

The package 20 includes unidirectional amplifiers 10, which are 
provided with gain control for transient suppression. This feature allows 

5 the amplifier to deal with both expected and unexpected additions or 

drops of one or a number of wavelengths in a WDM environment, with the 
ultimate goal of maintaining the original wavelengths unperturbed. The 
amplifiers have also a low noise figure, while providing a relatively low 
cost entry offering while offering a platform for future scalability. 

10 Connectors designated by a, b, a', b*, c, d, c' and d' are faceplate 

connectors for the Line-1 In, Line-1 Out, Line-2 In, Line-2 Out, OSC Drop 
1 , OSC Add 1 , OSC Drop 2, and OSC Add 2, respectively. 

WDM couplers 21 are used for add/drop of the OSC channel to the 
input and output of each amplifier 10, 10'. 

15 In addition, the package is provided with optical tap couplers 22 

and 23. Tap 22, at the input of the amplifiers, diverts a fraction from the 
input traffic, while tap 23, at the output of the amplifiers, is a bidirectional 
tap for diverting fractions from both directions. The signals collected at 
the taps are used for power monitoring, analog maintenance, equalization, 

20 testing, and reflection detection. 

Figure 2b illustrates the symbol for the dual optical amplifier 
module of Figure 2a. 

Figure 3 illustrates a booster amplifier package 25. These BB 
comprises a multiple pumped EDFA (Erbium doped fiber amplifier) 25, 

25 which provides a substantial increase in optical output power for booster 
amplifier applications where large output powers are required. The 
booster amplifier package also contains an embedded variable optical 
attenuator (VOA) 24 for controlling the gain tilt. In other words, the 
function of the VOA is to keep the amplifier operating at its design flat 

30 gain, thereby mitigating the undesirable effects of gain tilt. The package is 
also provided with gain control for transient suppression, and with an 
output circulator 26 which acts as an output isolator as well as an upgrade 
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port for an interleaved filter based amplifier topology as it will be seen 
later. 

Optical circulators use polarization properties of light and they are 
directional. Thus, the multichannel signal while travels within the 
5 circulator from port to port in one direction only, and channels are added 
and dropped at different ports. 

The amplifier 25 is also provided with taps 22 and 23. 
The booster amplifier package family offers a booster amplifier version, a 
booster-plus amplifier version, a C-version and a sister E-verslon. 
10 The difference between the booster amplifier and the booster-plus 

amplifier is that the later offers significantly more output power than the 
former. 

Figure 4a illustrates a unidirectional optical service channel (OSC) 
module 30 which supports OAM&P capability at optical transport platform 

15 network elements. Module 30 is capable of accessing two OSCs, one at 
1510nm and the other at the 1480nm. The package comprises a West 
OSC 31 , with the receiver for the first OSC and the transmitter for the 
second OSC. Thie East OSC 32 comprises the transmitter for the first 
OSC and the receiver for the second OSC. Each channel is 

20 accommodated on a separate fiber, 50 that the package comprises four 
faceplate connectors a and b for the first channel and a' and b* for the 
second. The package also comprises WDM couplers 21 for the East and 
West drop, used for the bidirectional OSC package. 

Figure 4b shows the symbol for the unidirectional OSC package. 

25 The OSC circuit package is also offered as a bidirectional OSC 35 with 
only two faceplate optical connectors a and b, for use in a true 
bidirectional system. This circuit pack is represented schematically in 
Figure 5a. 

The unidirectional OSC and bidirectional OSC circuit packages 
30 provide the amplifier group with OAM&P functionality. One of these 

packag s is mandatory in the formation of an optical amplifier group and it 
acts as a foundation and communication port for that group. In a network, 
the OSC module does not offer protection switching of the OSC channel, 
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but rather offers a redundant OSC channel which is running on the 
SONET protection path. Therefore, where SONET traffic flows so must an 
OSC channel. 

The OSC BBs also allow for versatile card placement of all other 
5 members of the family within a bay, since this is the only member of the 
family which has any slot requirements. 

Figure 5b illustrates the symbol for the bidirectional OSC of Figure 

5a. 

Figure 6 illustrates the symbol for a dispersion compensation 
10 module (DCM) 40, which compensates for fiber dispersion. 

Figure 7a illustrates an interleaved filter package 45, which 
includes an even filter 46 (grid-1) and an odd filter 47 (grid-2) in the same 
package. The filter has a FSR free spectral range (FSR) of 100 GHz for 
50 GHz on fiber. The grid-1 46 filter supports 40 wavelengths on the 100 
15 GHz ITU grid, and the grid-2 filter 47 supports another 40 wavelengths 
offset by 50 GHz, 

This BB family comprises a C-variant and a sister E-variant, 
including a pair of filters for the E band. The filter packages 45 are 
provided with performance monitoring through analog maintenance (AM), 
20 whereby each channel carries its unique identification. 

Figure 7b illustrates the symbol for a filter 46 or 47 of Figure 7a. 
Figure 8a and 8b illustrate the symbol for the intelligent optical 
terminal accessway (IOTA). This family of BBs provides termination 
access to a network replacing the current passive filter multiplexer/ 
25 demultiplexer solution. It consists of three circuit packages, a multiplexer 
50, a demultiplexer 55 and a controller 60. 

The multiplexer circuit package 50 provides individual transmitter 
inputs a-d. Each input has a power monitor and controlled VOA capability 
(not shown). An internal filter 51 multiplexes all transmitter inputs onto a 
30 single output. The demultiplexer circuit package 55 provides individual 
receiver outputs a*-d\ An internal filter 56 demultiplexes the single fiber 
input onto the individual outputs. Controller circuit package 65 provides 
communication to the network via OSC, and operates as a controller for 
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the three circuit packages. The controller 65 includes AM monitoring of 
the multiplexer output. The multiplexer 50, demultiplexer 55 and controller 
60 packages can communicate to the other IOTA circuit packages. 

The modules shown in Figures 2-9 are designed as global transport 
5 products, and are therefore compatible with both SONET and SDH 

standards. Any discussion of SONET QC-N interfaces in this specification 
also implies references to SDH STM-N/3 interfaces. 

The modules shown in Figures 2-9 maintain the same level of 
compatibility with the existing Applicant's products of S/DMS 

10 TransportNode™ OC-48 and S/DMS TransportNode™ OC-1 92 families, 
and some compatibility with the bidirectional multiwavelength OC-1 92 
optical amplifier (MOR) currently produced by the applicant. For example, 
existing MOR system can benefit with E-band upgrades. 

Since the family of products disclosed herein has scalability as a 

15 central goal, it is designed to incorporate in a seamless manner future 
amplifier products and future optical components and technologies into 
future optical network solutions. The majority of these future solutions will 
strive towards higher density WDM applications and more complex link 
compensation techniques. 

20 As indicated above, the family of modules described in connection 

with Figures 2-9 offers the network providers with the opportunity to 
evolve a network from aln initial simple configuration of a relative low cost 
to more complex configurations. 

Some configurations and upgrade paths using the above BBs are 

25 presented in the sections below. It should be stressed that the upgrades 
target an increase in optical power which translates in most cases to an 
increase in the number of wavelengths. Also it is to be stressed that the 
use of unidirectional OSC circuit package 30 in a unidirectional system 
and the use of a bidirectional OSC circuit pack 40 in a bidirectional system 

30 is necessary for providing the configuration with OAM&P capabilities. 

The configurations below illustrate only working traffic and a single 
direction of transmission. It is to be understood that similar combinations 
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of modules may be used for the other direction, and for the protection 
traffic. 

Figures 9a, 9b and 9c illustrate line amplifier configurations. In a 
line amplifier configuration, there is no electrical regeneration of the 
5 SONET signal and visibility to this network element can only be achieved 
through the OAM&P capabilities of the OSC, or via an independent 
Ethernet link to the respective NE. If midstage access is provided at a line 
amplifier site, then dispersion compensation techniques, wavelength 
equalization, or add/drop multiplexing can be employed without affecting 

10 overall link performance 

The configuration shown in Figure 9a (LA-1) illustrates the lowest 
cost implementation of a line amplifier site with just employing the dual 
amplifier module 20 and a unidirectional OSC module 30. Module 30 is 
connected with ports e and f to the add/drop ports c, d of the dual 

15 amplifier BB 20. Thus, the receiver of the OSC West 31 receives the first 
OSC dropped at the West input of dual amplifier 20, while the transmitter 
of the East OSC module 52 inserts the first OSC channel at the East 
output of the dual amplifier BB 20. 

Module 30 is also connected with ports e' and f ' to the add/drop 

20 ports c', d f of the dual amplifier BB 20. In this way, the receiver of the 
OSC East 32 receives the second OSC dropped at the East input of dual 
amplifier 20, while the transmitter of the West OSC module 51 inserts the 
second OSC channel at the Weast output of the dual amplifier BB 20. 
Figure 9b illustrates a second line amplifier configuration (LA-2), 

25 which is a direct upgrade of configuration LA-1 . Configuration LA-2 is 
used when there is a need to increase the number of wavelengths, and 
therefore the launch power, by including booster amplifiers 25 and 25* at a 
respective East and West output. Different levels (number of pumps) of 
booster amps can be added, depending on the new number of 

30 wavelengths to be supported. The connections for the drop side of the 
dual amplifier 20 (c-e and c'- ') remain unchanged. However, the OSC 
30 must now be added at a different point, i.e. at the output of the 
respective booster amplifier, as shown by connections f -P and f-i. 
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Figure 9c illustrates a third line amplifier configuration (LA-3), which 
utilizes the mid-stage access capability in the configuration of Figure 9b. 
One use for midstage access is dispersion compensation. DCMs 40 and 
40' could be connected at the output of each line, before the respective 
5 booster amplifier 25and 25\ More precisely, DCM 40 is inserted between 
b and g, and DCM 40' is inserted between b* and g\ In this case, for the 
add side, the transmitters of the OSC BB 30 are connected to ports i and 
Y of the respective booster amplifier.25, 25'. 

It should be noted that the booster plus amplifier could also be 

10 employed as a substitution of, or an augmentation of the booster amplifier 
that is illustrated in Figure 9c. 

Further upgrades of the line amplifier configurations are shown in 
Figures 10a and 10b, which illustrate how the E-band modules are 
integrated with the C-band modules to produce unidirectional or 

15 bidirectional topologies in order to scale an existing network. 

When E-band EDFAs are used in conjunction with C-band EDFAs, 
a usable gain bandwidth of over 60 nm can be achieved. This would 
equate to 80 • • at 100 GHz spacing. Such a configuration is shown in 
Figure 10a, where a dual C-band amplifier BB 20-1 is connected in 

20 parallel to an E-band dual amplifier BB 20-2. Namely, the multichannel 
signal received at West input port a of amplifier 20-1 is separated into 
channels in C-band and in E-band. Amplifier 20-1 amplifies the C-band 
channels. The channels at output bl of the amplifier 20-1 are further 
boosted by booster amplifier BB 25-1 . Similarly, amplifier 20-2 amplifies 

25 the E-band channels, which are further boosted by booster amplifier BB 
25-2 connected at the output b2 of the amplifier 20-2. The C-band and 
E-band channels of the second line are processed in a similar way. 

The booster amplifiers at a respective East and West output are 
connected in series. Namely, port h2 is connected with port h so that the 

30 C-band boosted output is added with the E-band boosted output to obtain 
the output oh the first line. Port h" is connected with port i* so that the C- 
band boosted output is added with the E-band boosted output to obtain 
the output on the second line. 
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In this configuration, the unidirectional OSC BB 30 is connected at 
the drop ports of the E-band amplifier, and at the add ports of the 
respective booster amplifiers 25-2 and 25 , -2, i.e the OSCs are processed 
by the E-band equipment. 
5 The C and the E-band amplifiers can also be combined to produce 

a true bidirectional system where the working channel is carried on just 
one fiber. Figure 10b illustrates a C and E-band dual amplifier BB 20 in a 
bidirectional amplifier overlay. Port a of dual amplifier BB 20 is the input 
for the C-band channels and the output for the E-band channels, while 

10 port h of booster 25 is the input for the E-band channels and the output 
for the C-band channels. 

The configuration of Figure 10b is also provided with booster 
amplifiers 25 and 25', for allowing bidirectional amplification of a large 
number of channels. The booster amplifier BBs are connected as in the 

15 previous cases at the output of the respective amplifier. 

In this case the BiOSG module 35 needs to be used, since only 
one fiber is available for the working channel. BiOSC is processed with 
the E-band channels. 

The bidirectional amplified system of Figures 10a and 10b is based 

20 on a band segmentation scheme. Such a scheme is implemented by the 
dissection of an otherwise continuous optical bandwidth into two or more 
sub-bands. The sub-bands arethen amplified and/or compensated 
separately and therefore independently. The inherent drawback of a band 
segmentation scheme is an unusable dead band, which acts as a guard 

25 band, between each of the sub-bands therefore wasting optical 
bandwidth. 

Another option for deploying dense WDM systems in a bidirectional 
system is to transmit an interleaved set of channels. In the interleaved 
approach, every other optical channel on a 50 GHz grid travels in one 
30 direction, while the remaining channels travel in the opposite direction. 
The advantage of this technique is that it allows for 1 00 GHz channel 
spacing in any one direction, and does not suffer from any dead band, 
which is inevitably imposed by a band segmentation, 
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Figure 11a illustrates a bidirectional amplifier topology using 
interleaved filters. In this configuration, the main fiber 2-2' carries the 
grid-1 channels in the West-to-East direction and the grid-2 channels in 
East-to-West direction. A booster 25-2 is connected to the West fiber 2 
5 and a booster 25-1 is connected to the East fiber 2\ 

Circulator of booster 25-2 separates the channels according to their 
direction. The grid-1 channels are output at port j* and directed to a C- 
dual amplifier BB 20, that amplifies channels presented to port a and 
output them at port b. A grid-1 filter 45 is connected between the East 

10 output of amplifier 20 and booster 25-1 , for attenuating any grid-2 
channels and transmitting gridrl channels. Booster amplifier 25-1 
provides the boosted grid-1 channels on fiber 2'. The dual amplifier 20 in 
this configuration is a C-bahd amplifier. 

Similarly, circulator of booster 25-1 directs the all grid-2 channels to 

15 East port b of dual amplifier BB 20, that amplifies these channels and 

present them at output port b\ A grid-1 filter 50 is connected between the 
West output of amplifier 20 and booster 25-2, for attenuating any grid-1 
channels and transmitting grid-2 channels. Booster amplifier 25-2 
provides the boosted grid-2 channels on fiber 2. 

20 The OSC channels for bidirectional OSC 35 are added/dropped as 

discussed above. 

Interleaved filters can also be used in the E-band, and in the C- 
band as illustrated in Figure 11b. This configuration provides for the 
highest capacity optical amplifier group. The C-band channels are treated 

25 separately from the e-band channels. Thus, booster 25'-1 , grid-2 filter 50- 
1 , dual amplifier 20-1, grid-1 filter 45-1 and booster amplifier 25-1 are 
provided for C-band channels, while booster 25 f -2, grid-2 filter 50-2, dual 
amplifier 20-2, grid-1 filter 45-2 and booster amplifier 25-2 are provided for 
E-band channels. Separation of grid-1 and grid-2 channels from the main 

30 signal on fiber 2, 2 9 is made, for each band, by the circulators of the 
resp ctive booster amplifiers. 
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Figure 12a illustrates a first line terminating equipment 
configuration (LTE-1) for optical amplification at a line terminating 
equipment (LTE) site. The LTE node comprises a multiplexer 50 for 
combining four channels in the West-to-East direction, a demultiplexer 55 
5 for separating four channels in the East-to-West direction, and a dual 
amplifier BB 20. Dual amplifier BB 20 is used as a post-amplifier placed 
before the East-bound signals are launched over fiber 2, and as a 
preamplifier for the East-bound signals. An OSC 30 is connected at 
add/drop ports d and c\ 
10 This configuration offers a low cost entry solution for optical 

amplification at LTE sites. The working channel implementation is 
illustrated using four wavelengths for illustrative purposes only. The actual 
number of wavelengths can be more than 8 in each direction. 

The configuration may be upgraded by adding booster amplifiers at 
15 the outputs of the dula amplifier, as shown with arrows. 

Figure 12b illustrates a second configuration LTE-2 which is an 
upgrade of LTE-1. This configuration has the advantage of launching 
more optical power from the transmitter side than the previous 
configuration by adding a booster amplifier 30 to the existing dual 
20 amplifier 20. This would increase the number of wavelengths the system 
can accommodate. 

Figure 12c illustrates a third configuration LTE-3, with an intelligent 
optical terminal accessway (IOTA) controller 60. The controller 60 is 
connected between the multiplexer 55 and port a of the dual amplifier BB 
25 20. IOTA 60 is also connected to OSC West of the BB 30, for 
communication with other nodes of the network. 

In addition to the configuration shown in Figure 12c, different power 
(different number of pumps) booster amplifiers can be used instead, 
depending on the power requirements. 
30 Figure 13 illustrates an upgrade for an existing multiwavelength 

optical amplifier MOR 15. The MOR amplifier 15 can be upgraded with 
some modules provided herein, in particular with an E-band dual amplifier 
20. However, the OSC 36 of the MOR system should be used as the data 
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communication channel. In this hybrid configuration, the modules may 
reside in a separate bay and may be connect via Ethernet to the MOR 15 
bay so that the modules have network visibility. 

Figure 14 illustrates a configuration ST-1 for optical amplification at 
5 a section terminating equipment (STE) 36. The site comprises a West 
multiplexer/demultiplexer, a regenerator and a East multiplexer/ 
demultiplexer. The upgrade comprises adding a West dual amplifier 20-1 
and an East dual amplifier 20-2, each connected to a respective 
unidirectional OSC 30-1 and 30-2; This is a low cost configuration, which 
10 can be further upgraded to include booster amplifiers. 

Again, this configuration assumes unidirectional traffic flow on each 
fiber. Only the working traffic is presented, since the protection traffic is 
assumed to have the same implementation from an optical line 
perspective. 
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WE CLAIM: 

1 . A dual optical amplifier building block comprising: 

a first and a second optical amplifier (OA), for amplifying a first and 
a second optical signal, respectively; 
5 a first input WDM coupler connected at the input of said first OA for 

separating a first optical service channel (OSC) from said first optical 
signal; 

a first output WDM coupler connected at the output of said first OA 
for adding said first OSC to said first optical signal; 
10 a second input WDM coupler connected at the input of said second 

OA for separating a second OSC from said second optical signal; 

a second output WDM coupler connected at the output of said 
second OA for adding said second OSC to said second optical signal; 

a first line-in and a first line-out connector for coupling said first 
15 optical signal over a first transmission line; 

a second line-in and a second line-out connector for coupling said 
second optical signal over a second transmission line; 

a first drop-OSC and a first add-OSC connector for coupling said 
first OSC to said respective first input and output WDM coupler; arid 
20 a second drop-OSC and a second add-OSC connector for coupling 

said second OSC to said respective second input and output WDM 
coupler. 

2. A dual optical amplifier building block as claimed in claim 1 , 
25 further comprising a plurality of optical taps arranged at the input and 

output of said first and said second OA's, for diverting a forward direction 
fraction of said respective first and second optical signals for monitoring 
purposes. 

30 3. A dual optical amplifier building block as claimed in claim 2, 

further comprising additional optical taps arranged at the output of said 
first and said second OA's, for diverting a reverse direction fraction of said 
respective first and second optical signals for monitoring purposes. 
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4. A dual optical amplifier building block as claimed in claim 1 , 
wherein said first and said second optical signals are carried over a 
respective first-group and second-group channel in the conventional 

5 Erbium optical band, and said first and said second OAs are a C-version 
for the conventional Erbium optical band. 

5. A dual optical amplifier building block as claimed in claim 1, 
wherein said first and said second optical signals are carried over a 

10 respective first-group and second-group channel in the extended Erbium 
optical band, and said first and said second OAs are an E-version for the 
extended Erbium optical band. 

6. A dual optical amplifier building block as claimed in claim 1 , 

15 wherein said first optical signal is carried over a first-group channel in the 
conventional Erbium optical band, said first OA is a C-version for the 
conventional Erbium optical band, said second optical signal is carried 
over a second-group channel in the extended Erbium optical band, and 
said second OA is an E-version for the conventional Erbium optical band. 

20 

7. A dual optical amplifier building block as claimed in claim 1, 
wherein said first optical signal comprises a plurality of first-group 
channels and said first OA comprises gain control means for transient 
suppression, for maintaining said first optical signal unperturbed during 

25 expected and unexpected additions of further first-group channels. 

8. A dual optical amplifier building block as claimed in claim 1 , 
wherein said second optical signal comprises a plurality of second-group 
channels and said second OA comprises gain control means for transient 

30 suppression, for maintaining said second optical signal unperturbed 
during expected and unexpected additions of further second-group 
channels. 
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9. A booster optical amplifier building block comprising: 

an optical amplifier (OA) for providing a substantial increase in 
optical output power of an optical signal; 

a WDM coupler connected at the output of said OA for adding an 
5 OSC to said optical signal; 

a line-in and a line-out connector for coupling said optical signal 
over a transmission line; and 

an add-OSC connector for coupling said OSC to said WDM 
coupler. 

10 

10. A booster optical amplifier building block as claimed in claim 9, 
wherein said OA comprises a multiple pumped EDFA. 

1 1 . A booster optical amplifier building block as claimed in claim 
15 10, wherein said OA comprises an embedded variable optical attenuator 

(VOA) for controlling the amplifier to operate at a flat gain. 

12. A booster optical amplifier building block as claimed in claim 9, 
further comprising a plurality of optical taps arranged at the input and 

20 output of said OA, for diverting a forward and a reverse direction fractions 
of said optical signal for monitoring purposes. 

13. A booster optical amplifier building block as claimed in claim 9, 
wherein said optical signal comprises a plurality of channels and said OA 

25 comprises gain control means for transient suppression, for maintaining 
said optical signal unperturbed during expected and unexpected additions 
further channels. 

14. A booster optical amplifier building block as claimed in claim 9, 
30 further comprising: 

an optical circulator connected with a first and a second port 
between the output of said OA and said WDM coupler for separating a 
drop signal from said optical signal at a third port; and 
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an upgrade connector for connecting said third port to a second 
transmission line. 

15. A booster optical amplifier building block as claimed in claim 9, 
5 wherein said optical signal is carried over a channel in the conventional 

Erbium optical band, and said OA is a C-version for the conventional 
Erbium optical band. 

16. A booster optical amplifier building block as claimed in claim 9, 
10 wherein said optical signal is carried over a channel in the extended 

Erbium optical band, and said OA is an E-version for the extended Erbium 
optical band. 

17. A booster optical amplifier building block as claimed in claim 9, 
15 wherein said OA provides one of a lower and a higher output power. 

18. An optical service channel (OSC) building block for transmitting 
and receiving service information over a first and a second service 
channel, comprising: 

a West OSC transceiver with a West receiver for said first OSC 
and a East transmitter for said second OSC; 

an East OSC with a West transmitter for said first OSC and a 
second East for the second OSC; 

a first West-in and a first East-out connector for coupling said first 
OSC to said West receiver and said West transmitter, respectively; and 
a second East-in and a second West-out connector for coupling 
said second OSC to said East receiver and said east transmitter, 
respectively, for obtaining a unidirectional OSC building block. 

30 19. An OSC building block as claimed in claim 18, further 

comprising a first WDM coupler connected between said West-in 
connector and said West receiver, and a second WDM coupler connected 
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between said East-in connector and said East receiver, for obtaining a 
bidirectional OSC building block. 

20. An optical filter family comprising: 
5 a grid-1 filter, a first line-in and a first line-out connector for 

coupling said grid-1 filter over a first transmission line; and 

a grid-2 filter, a second line-in and a first line-out connector for 
coupling said grid-2 filter over a second transmission line. 

10 21 . A dual optical amplifier building block as claimed in claim 20, 

wherein said grid-1 and grid-2 filters operate in the conventional Erbium 
optical band. 

22. A dual optical amplifier building block as claimed in claim 20, 
15 wherein said grid-1 and grid-2 filters operate in the extended Erbium 

optical band. 

23. An intelligent optical terminal accessway (IOTA) family 
comprising an optical multiplexer building block (BB), a plurality of line-in 

20 optical connectors for connecting a plurality of input transmission lines to 
the inputs of said optical multiplexer BB, and a line-out optical connector 
for connecting the output of said optical multiplexer BB to an output 
transmission line. 

25 24. An IOTA family as claimed in claim 23, comprising: 

a plurality of VOA's, each associated with an input transmission 
line, each for adjusting the gain of a respective input optical signal; and 
a plurality of optical taps, at each input of said optical multiplexer 
BB and at the output of said optical multiplexer BB, for diverting a fraction 
30 of each respective input and output optical signals. 

25. An IOTA family as claimed in claim 24 comprising a controller 
for receiving said fractions, determining the input power of each said input 
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optical signals and said output optical signal and accordingly adjusting the 
VOAs. 

26. An IOTA family as claimed in claim 23, comprising an optical 
5 demultiplexer BB, a line-in optical connector for connecting the input of 
said demultiplexer to a transmission line, and a plurality of line-out optical 
connectors for connecting the outputs of said demultiplexer to a plurality 
of output transmission lines. 

10 27. An optical amplification system comprising: 

a dual optical amplifier building block for bidirectional line 
amplification of a plurality of optical channels propagating along a first and 
a second transmission line; and 

an OSC building block operatively connected to said dual optical 
15 amplifier building block for transmitting and receiving service information 
over a first and a second service channel. 

28. A system as claimed in claim 27, further comprising a first 
booster optical amplifier building block connected on said first 
20 transmission line at a first output of said dual optical amplifier building 

block, and a second booster optical amplifier building block connected on 
said second transmission line at a second output of said dual optical 
amplifier building block. 

25 29. A system as claimed in claim .27, further comprising a first 

dispersion compensation module connected between said first output and 
said first booster optical amplifier building block, and a second dispersion 
compensation module connected between said second output and said 
second booster optical amplifier building block. 

30 

30. An optical amplification system comprising: 
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a dual optical amplifier building block for bidirectional line 
amplification of a plurality of optical channels propagating along a first and 
a second transmission line; 

an OSC building block operatively connected to said dual optical 
5 amplifier building block for transmitting and receiving service information 
over a first and a second service channel; 

a first booster optical amplifier building block connected on said 
first transmission line at a first output of said dual optical amplifier building 
block; 

10 a second booster optical amplifier building block connected on said 

second transmission line at a second output of said dual optical amplifier 
building block; 

a grid-1 filter, connected between said first output and said first 
booster optical amplifier building block; and 
15 a grid-2 filter, connected between said second output and said 

second booster optical amplifier building block. 

31 . An optical amplification system comprising: 
an optical multiplexer for multiplexing a plurality of optical signals 
20 received over a plurality of input transmission lines and providing a 

forward multichannel optical signal; 

a dual optical amplifier building block for amplifying said forward 

multichannel optical signal and amplifying a reverse multichannel optical 

signal; 

25 an optical demultiplexer for receiving said reverse multichannel 

optical signal and separating same into a plurality of optical channels for 
transmission over a plurality of transmission lines; 

an OSC building block operatively connected to said dual optical 
amplifier building block for transmitting and receiving service information 

30 over an optical service channel. 



SUBSTITUTE SHEET (RULE 26) 



WO 00/64079 



PCT/CAOO/00121 




WO 00/64079 



PCT/CAOO/00121 




WO 00/64079 



PCT/CAOO/00121 




WO 00/64079 



PCT7CA00/00121 




WO 00/64079 



PCT/CA00/00121 



6/8 




WO 00/64079 



PCT/CAOO/00121 



7/8 




WO 00/64079 



PCT/CA00/00121 




INTERNATIONAL SEARCH REPORT 


Intern nal Application No 

PCT/CA 00/00121 


A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 H04B10/213 




According to International Patent Classification (IPC) or to both national classification and IPC 




B. FIELDS SEARCHED 


Minimum documentation search* d (classification system followed by classification symbols} 

IPC 7 H04B H04J G02B 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 8 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 


EP 0 440 276 A (PIRELLI CAVI SPA) 


9 




7 August 1991 (1991-08-07) 






column 2, line 8 -column 2, line 34 






column 5, line 6 -column 5, Tine 21 






column 6, line 12 -column 6, line 20; 






figure 2 




Y 




1.27,30, 






31 


Y 


WO 98 52314 A (BATCHELLOR ROBERT ; ERICSSON 


1,27.30, 




TELEFON AB L M (SE); BONNEDAL DAG (SE)) 


31 




19 November 1998 (1998-11-19) 






page 4, line 32 -page 6, line 15; figure 3 




A 


WO 98 49794 A (ERICSSON TELEFON AB L M * 


1-31 




;SUNDELIN MAGNUS (SE)) 






5 November 1998 (1998-11-05) 






-/" 





0 



Further documents are listed in the continuation of box C. 



0 



Patent family members are listed in annex. 



8 Special categories of cited documents : 

"A* document defining the general state of the art which is not 

considered to be of particular relevance 
a E* earlier document but published on or after the international 

filing date 

"L" document which may throw doubts on priority elaim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O* document referring to an oral disclosure, use, exhibition or 
other means 

"p" document published prior to the international filing date but 
later than the priority date claimed 



T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X* document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y* document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art 

document member of the same patent family 



Date of the actual completion of the international search 

13 June 20O0 


Date of mailing of the international search report 

2 3. oaoo 


Name and mailing address of the ISA 

European Patent Office, P.B. 581 8 Patenttaan 2 
NL-2280HVRijswifr 
Tel. (+31-70) 340-2040. Tx. 31 65 1 epo nl, 
Fax: (+31-70) 340-3016 


Authorized officer 

Phillips, S 



Form PCT/ISA/210 (second sheet) (July 1992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT t-i Application no 

PCT/CA 00/00121 




[^Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 






Category 0 


Citation of document, with indioation, where appropriate, of the relevant passages ' 






A 


EP 0 844 757 A (NIPPON ELECTRIC CO) 
27 May 1998 (1998-05-27) 


1-31 



Form PCT/ISA/210 (continuation of second sheet) <Juty 1992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 



lr National application No. 

PCT/CA 00/00121 



B x I Obs rvation where certain claims were f und unsearchabl (Continuation of item 1 f first sheet) 

This International Search Report has not been established in respect of certain claims under Article 1 7(2)(a) for the following reasons: 
1 . Claims Nos. : 

because they relate to subject matter not required to be searched by this Authority, namely: 



2. J Claims Nos. : 

because they relate to parts of the International Application that do not comply with the prescribed requirements to such 

an extent that no meaningful International Search can be carried out, specifically: 



3. Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 



1 . I I As all required additional search fees were timely paid by the applicant, this International Search Report covers all 
' ' searchable claims. 



2. | | As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee. 



3. I I As only some of the required additional search fees were timely paid by the applicant, this International Search Report 
' > covers only those claims for which fees were paid, specifically claims Nos.: 



4 I y I No required additional search fees were timely paid by the applicant. Consequently, this International Search Report i 

' A • , An »ri.i n >4 tst Hia Inuanlinn fins! mantinnori in the claims* if is couarad hv claims Nos " 



restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 

1-17, 27-31 



Remark on Protest | | The additional search fees were accompanied by the applicant's protest. 

| J No protest accompanied the payment of additional search fees. 



Form PCT/ISA/21 0 (continuation of first sheet (1 )) (July 1 998) 



International Application No. PCT/CA 00/00121 
FURTHER INFORMATION C NTINUEDFR M PCT/I SA/ 21Q . 

1. Claims: 1-17,27-31 

Optical amplifier(s) with coupler(s) for 
inserting/extracting optical service channel 

2. Claims: 18,19 

Interconnection of transmitters and receivers in an optical 
service channel building block. 

3. Claims: 20-22 

Optical filter family 

4. Claims: 23-26 

Intelligent optical terminal accessway with multiplexer 
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